Intensive rehabilitation approaches have been successfully developed for the upper extremities of children with unilateral cerebral palsy (CP) over the past 15 years. Two therapies have been particularly efficacious: constraint-induced movement therapy and bimanual training (e.g. hand-arm bimanual intensive therapy [HABIT] ). Both approaches demonstrated improvements in upper-extremity function 1 and are among a handful of treatments determined to be sufficiently effective for recommendation for clinical implementation. 1 However, 60% to 70% of children with CP present bilateral impairments. 2 Owing to the specific focus on the affected upper extremity, neither approach is likely to be applied in children presenting bilateral CP with more symmetrical upper-extremity impairments; moreover, their lower extremities are also affected.
In children with bilateral CP, intensive interventions have been introduced with a focus on walking, including supported treadmill training and strength training. 3 In toddlers with CP, an intervention focused on gross motor function using dynamic weight assistance and applying motor skill learning has been developed, 4 with promising results. Goal-directed, task-specific training has also provided evidence of improvement in gross motor function 5, 6 and upper-extremity abilities. 7 However, so far, no intervention has concomitantly targeted upper-and lowerextremity control in children with bilateral CP. 1 An intensive intervention for children with unilateral CP was recently introduced: hand-arm bimanual intensive therapy including lower extremity (HABIT-ILE). HABIT-ILE is a bimanual training approach that continuously incorporates lower-extremity function and postural control. 8 On the basis of HABIT, 9 HABIT-ILE was proposed as an intensive block of training using motor learning concepts (i.e. practice specificity, context of learning, feedback, speedaccuracy trade-off, transfer of learning), 10 aiming to elicit practice-induced brain changes arising from repetition, increasing movement complexity, motivation, and reward. 11 HABIT-ILE has been successfully tested in a randomized controlled trial in children with unilateral CP, showing improvements both in upper-and lower-extremity compared with conventional intervention. 12 The aim of this study was to apply HABIT-ILE to children with bilateral CP (Gross Motor Function Classification System [GMFCS] levels II-IV) and to compare upper-and lower-extremity function with a non-treatment group. We hypothesized that HABIT-ILE would lead to improvements in upper and lower extremities in children with bilateral CP.
METHOD
Twenty children participated: 10 were included in a research program of the Universit e catholique de Louvain, Brussels, Belgium, and 10 were included in a research program of the Center for Cerebral Palsy Research at Teachers College, Columbia University, New York. In the New York program, participants were recruited from area clinics, the laboratory website (http://www.tc.edu/centers/cit/), and online parent forums. In the Brussels program, children were recruited from area clinics. Potential participants were contacted by e-mail or telephone. Those who were available and interested in participating were invited to receive a physical screening. Initially, 24 participants were screened for this study; three presented exclusion criteria (New York: one had uncontrolled seizure, two were unable to make a few steps with a walker) and one declined (Brussels: unavailable).
Inclusion criteria included: (1) children diagnosed with bilateral CP in GMFCS levels II to IV; (2) aged 6 to 16 years; (3) with an ability to grasp light objects and lift the more affected arm 15cm above a table surface; (4) school level equal to that of typically developing peers, ensuring an ability to understand games; and (5) ability to follow instructions and complete testing. Exclusion criteria were: (1) uncontrolled seizures; (2) botulinum neurotoxin injections or orthopedic surgery in the previous 6 months/during the study period; (3) visual problems likely to interfere with treatment/testing; and (4) a total inability to walk a few steps (with a walker). This study was approved by the institutional review boards of Teachers College, Columbia University (number and Universit e catholique de Louvain (number 2013/069; Belgian register B403201316810).
Design
A quasi-randomized trial design was used, whereby participants were assigned to a treatment or comparison group in the order in which they enrolled in the study (the first 10 participants were assigned to the treatment arm, the last 10 participants to the comparison arm).
The treatment arm included a HABIT-ILE day camp in Brussels (six children, April 2013) and New York (four children, July 2013), both providing 6.5 hours per day of intensive intervention over 13 days (84.5h). Children in the treatment group were assessed before and after HABIT-ILE and at follow-up (3mo later). Children in the comparison group were assessed at the same corresponding time points. All children continued their usual and customary care.
HABIT-ILE procedures

HABIT-ILE
8 was provided by one or two interventionists for each child, depending on balance abilities (i.e. whether a child needed a spotter). Most interventionists were physical/occupational therapy students, two were occupational therapists, and one was a physical therapist. Family-centered approaches, taking into account parents' and supervisors' recommendations, were used to match participants and interventionists. Interventionists were asked to provide only HABIT-ILE procedures to which they were trained during a 2-day training session before the camp, on the basis of a manual of procedures. During the camps, supervision by experienced physical/occupational therapists and daily meetings dedicated to discussions of therapeutic goals and strategies allowed monitoring compliance with this instruction. Two supervisors involved in both camps ensured consistency in procedures/protocols for the interventionists. HABIT-ILE has been fully described previously 8 and is described in Appendix S1 (online supporting information). Briefly, HABIT-ILE is a motor-learningbased approach using problem-solving and highly structured practice in tasks requiring simultaneous control and coordination of upper and lower extremities. In the course of the intervention, activities and tasks are progressively graded towards increasing demands of the lower extremity/ postural control and more complex bimanual coordination of the upper extremity. A few adaptations were made in this study to match the needs of children with bilateral CP. Essentially, a new possibility was added in the evolution of balance, consisting of stool sitting (proposed alternately with balls, especially at the start); in addition, most of the time, activities that involved running or jumping could not be proposed. Transition activities were introduced (including playing in a kneeling position, transferring from one position to the other, and fall school).
Usual care
Usual care was provided to the children in the non-treatment group during the 2 weeks they were used for comparison. In both groups, this usual treatment was provided What this paper adds
• Hand-arm bimanual intensive therapy including lower extremity can be adapted for children with bilateral cerebral palsy (CP).
• Children demonstrate improvements in upper extremities, gross motor function, walking, and balance.
• They also demonstrate improvements in goal performance.
• Therapies based on motor skill learning are adaptable and efficient for children with bilateral CP.
during follow-up. In the comparison group, this care consisted of physical therapy based on neurodevelopmental treatments (four out of 10 children) or on a functional basis (six out of 10 children) and on weekly occupational therapy. Usual care in the treatment group also comprised weekly physical therapy sessions based on neurodevelopmental treatment (eight out of 10 children) or on functional training (two children, one following conductive education) and on weekly occupational therapy.
Assessments
Children's abilities were classified using the Manual Ability Classification System 13 and the GMFCS. 14 The lessaffected hand of each child was determined by writinghand preference. 15 The assessments covered the three domains of the International Classification of Functioning, Disability and Health. The primary outcome measures included the Gross Motor Function Measure (GMFM-66, 16 b710/b755/b760/d410/d415/d450/d455) and the ABILHAND-Kids (d510/d520/d540/d550/d560). Three secondary lower-extremity assessments were performed: the ABILOCO-Kids 21 (d450/455/460), the Pediatric Balance Scale 22 (b710/b755/b760/d410/d415/d420/ d455), and the 6-Minute Walk Test (b147/d410-429/ d450/d455). 23 Finally, the Canadian Occupational Performance Measure 24 (d1-9) was administered with the parents of the treatment group to establish functional goals and to grade children's performance and satisfaction.
Both the GMFM-66 (primary outcome) and Pediatric Balance Scale were videotaped and blindly scored by a trained examiner.
Statistics
The HABIT-ILE and non-treatment groups were compared at baseline using t-tests. For each variable, a 2 (group)93 (test session) analysis of variance (ANOVA) with repeated measures on test session was performed. The overall interaction (group9test session) allowed testing of whether the time course differed between groups. Newman-Keuls posthoc analyses were subsequently performed. The effect size was estimated using the value of g 2 . Under non-parametric conditions (normality/homoscedasticity violated), we used a repeated-measures ANOVA on ranks (Friedman). A oneway repeated-measures ANOVA was used to investigate changes in the Canadian Occupational Performance Measure in the treatment group.
Sample size
Sample size analysis was based on the ABILHAND-Kids derived from a study of children with unilateral CP. 12 
RESULTS
No significant differences were observed between groups at baseline for any measure (Table I) . Intent-to-treat procedures were used in case of missing values (children not showing up at follow-up, n=2, comparison group). Because of a lack of translation in the parents' native language, two questionnaires (ABILOCO-Kids/ABILHAND-Kids) could not be used for two children in the comparison group.
Owing to a lack of cooperation at the second assessment, the data of one child (comparison group) are missing for the JTTHF.
Usual care characteristics
Children in the comparison group received a mean of 2.8 (SD 1.3) hours per week of usual care (a mean of 82.5min physical therapy, 72min occupational therapy). This amount did not differ from the treatment group (usual care 3h [SD 1.1h] per week, including a mean of 101min physical therapy and 72min occupational therapy; p=0.678).
HABIT-ILE characteristics
Children in the treatment group received all 13 days of HABIT-ILE, representing 84.5 hours of treatment. During this period, their daily treatment logs (completed by interventionists) allowed us to quantify the amount of time children were engaged in functional and play activities. Children were engaged on average for 82.7 hours (SD 2.2h), representing 97% (range 94-100%) of the total time. This very high percentage is explained by the fact that all activities (including walking to the bathrooms, toileting, eating time, etc.) are part of the training. For the upper extremity, this treatment consisted on average of 41% gross dexterity, 21% manipulative games, 5% card games, 2% arts and crafts, and 31% activities of daily living. For the lower extremity, 34% of the intervention was spent sitting on a ball, 21% sitting on a stool, 7% in transition situations, 1% on a balance board, 15% standing, and 18% walking/running.
Upper extremity
For the ABILHAND-Kids questionnaire (primary upperextremity outcome), a main effect of test session and a group9test session interaction was found (Fig. 1b and Table II, p<0.001). Post-hoc tests indicated that for the HABIT-ILE group, ABILHAND-Kids values were significantly higher at the immediate posttest and follow-up than they were in the pretest. The values were also significantly higher at the follow-up than at the immediate posttest. In the comparison group, no significant difference was observed between the three assessments.
For the Pediatric Evaluation of Disability Inventory (self-care domain), a main effect of test session with a group9test session interaction was found (p=0.001). The post-hoc tests indicated that in the HABIT-ILE group, scores were significantly higher at the posttest and followup than they were at the pretest. In the comparison group, no significant difference was observed between the three assessments (see Fig. 1a and Table II) .
The BBT and JTTHF showed a group9test session interaction, but only on the less affected hand (Fig. 1c,d , and Table II, p<0.027). The post-hoc tests indicated that in the HABIT-ILE group, more blocks were moved and faster times were observed for the BBT and JTTHF respectively at the posttest and follow-up than they were at the pretest. In the comparison group, no significant difference was observed between the three assessments for either measure. In the more affected hand, although a main effect of test session was observed for the BBT, no interaction was found in the BBT or the JTTHF (all p>0.121).
Lower extremity and postural control
For the GMFM-66 (primary lower-extremity outcome) a main effect of test session and group9test session interaction was observed (p<0.001). The post-hoc tests indicated that in the HABIT-ILE group, children's scores improved at posttest and follow-up compared with the pretest. The values were also significantly higher at the follow-up compared with the immediate posttest. In the comparison group, no significant difference was observed between the three assessments ( Fig. 1e and Table III) .
For the 6-Minute Walk Test, a group9test session interaction was observed (p=0.026). The post-hoc tests indicated that in the HABIT-ILE group, children walked farther at the posttest and follow-up than at the pretest ( Fig. 1g and Table III ). In the comparison group, no significant difference was observed between the three test sessions.
Similar effects were observed for the Pediatric Balance Scale, where a group9test session interaction was found (p=0.002). The post-hoc tests indicated that in the HABIT-ILE group, children had a better balance score at the posttest and follow-up than in the pretest. In the comparison group, no significant difference was observed between the three assessments ( Fig. 1f and Table III) .
The ABILOCO-Kids questionnaire showed a trend for a change in the treatment group (Friedman, p=0.072; Fig. 1h and Table III) , while no significant difference was observed between the three test sessions for the comparison group (p=0.236). TS1  TS2  TS3  TS1  TS2  TS3   TS1  TS2  TS3  TS1  TS2  TS3   TS1  TS2  TS3  TS1  TS2  TS3   TS1  TS2  TS3  TS1  TS2  TS3 (a)
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Goal performance
For the Canadian Occupational Performance Measure (treatment group only), significantly higher values were observed at the posttest and follow-up than at the pretest, both in the performance of children and in the satisfaction of the caregivers (p<0.001, Table III ).
DISCUSSION
The aim of this study was to test the efficacy of HABIT-ILE in children with bilateral CP. Children in the HABIT-ILE group demonstrated improved performance in the lower extremity compared with the non-treatment group (GMFM-66, Pediatric Balance Scale, 6-Minute Walk Test). For the upper extremity, significant improvements were observed for the HABIT-ILE group in the ABILHAND-Kids, the Pediatric Evaluation of Disability Inventory (self-care domain), the BBT, and JTTHF (less affected hand for the JTTHF). Finally, children in the HABIT-ILE group exhibited significant changes in their Canadian Occupational Performance Measure.
Amount of practice and improvements in the upper and lower extremities
Gross motor abilities, walking endurance, and upper-extremity abilities improved after HABIT-ILE in children with unilateral CP. Although the total amount of time dedicated to practice in this study was similar to that observed in children with unilateral CP (97% here vs 96% in children with unilateral CP), some modifications in the time dedicated to the different tasks/activities were observed. For the upper extremity, compared with children with unilateral CP, children with bilateral CP had more activities of gross dexterity (41% vs 27% in unilateral CP) and fewer manipulative games (21% vs 27%). For the lower extremity, less time was spent sitting on a ball (34% vs 54% in unilateral CP) and less time standing (15% vs 24%). Similar amounts of time were dedicated to walking (18% vs 20% in unilateral CP) and activities of daily living (31% vs 36%). Two adaptations were proposed for children with bilateral CP: sitting on a stool and in transition situations. Although these modifications were required, the results in children with bilateral CP were in line with those of children with unilateral CP. Improvements in the activity levels of the International Classification of Functioning, Disability and Health in both the upper and lower extremities were observed. Although previous studies have demonstrated improvements in these children, notably during goal-directed training, either in gross motor abilities (postural/locomotor 5, 6 ) or in the upper limb, 7 we are not aware of other treatments demonstrating concomitant changes in both upper and lower extremities in this population. All variables measured improved after intervention, except the dexterity of the more affected hand. 
Asymmetric improvements in the upper extremities
The absence of improvement on the more affected hand was surprising. This is not in line with results observed both in HABIT 25 and HABIT-ILE 12 for children with unilateral CP, who exhibit greater dexterity improvements in the more affected hand. However, the fundamental difference is that, unlike unilateral CP, here both hands are affected to varying extents. In unilateral CP, the improvement of upper-extremity activities, notably bimanual activities, is dependent on the improvement of the more affected hand, as illustrated by the similar improvements in upperextremity function in constraint-induced movement therapy and HABIT. 26 It might be that when both hands are affected, the crucial factor to improving activity level is not an improvement in the more affected hand (as in unilateral CP) but in the less affected one. Alternatively, it might be that the more affected hand, being frequently used to stabilize the body by resting on the table when sitting on ball or standing, does not have the same role when progressively shaping the skill progression (i.e. it is more involved in stabilization than manipulation).
Mechanisms underlying improvements
A first mechanism potentially underlying the improvements is the neuroplastic changes induced by motor learning interventions. Such changes have been demonstrated in children with unilateral CP after a 2-to 3-week period of intensive intervention, notably in constraint-induced movement therapy and bimanual training. 25, 26 Interestingly, in both primary outcomes we observed an increase at follow-up regarding post-camp assessment, which was nearly as large as the immediate intervention effect. This improvement, continuing after intervention, is not in agreement with previous studies in children with unilateral CP -generally showing stable values at follow-up 12,27,28 -and might be related to the effect of the training at a muscular level. Changes in strength, induced by physical training, have previously been shown to be beneficial in improving functional abilities of children with bilateral CP. 29 Although it is known from resistance training studies that after only a few sessions some changes in muscle power may appear, caused notably by neuromuscular adaptations, 30 recent publications on strength/power training recommend 8 weeks, with three sessions per week, to maximize changes. 31 It is thus unlikely that a change in strength could solely explain the changes observed during the 13 days of camp. Thus we suggest that both strength and neuroplasticity may contribute to the changes observed. 
Limitations
This first study included only 10 children in each group, most of them being in GMFCS level III. Larger samples are needed to determine more precisely the improvements in the different levels of GMFCS that can be achieved by children with bilateral CP.
Children in this study had no cognitive deficits. It is unknown whether the effects could also be observed in children with more significant cognitive deficits, leading to caution about the generalization of the results observed.
Excellent progression was shown at the follow-up at 3 months; however, because other treatments might have biased the study (e.g. botulinum neurotoxin injections or orthopedic interventions), a longer-term follow-up could not be performed. This would be required to show continued improvements and maintenance over longer periods, as well as the optimal frequency for delivering intensive interventions to these children.
In addition, we did not test trunk control, measurements of which -using tests such as the Segmental Assessment of Trunk Control 32 -would be useful for capturing potential changes in trunk control induced by the simultaneous training of the upper and lower extremities.
Conclusion
The findings of this study suggest that HABIT-ILE is efficacious for improving both upper-and lower-extremity function in children with bilateral CP in GMFCS levels II, III, and potentially IV, without cognitive deficits. The extent to which this intervention could be applied to children in GMFCS levels IV and V is unknown. There is also a need to investigate whether children with cognitive deficits might benefit from this approach.
